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doi:10.1016/j.ejvs.2011.03.015Abstract Objectives: It is still unclear whether residual defects seen after carotid endarter-
ectomy (CEA) have clinical consequences. We investigated prevalence of residual defects in
the carotid artery and their possible impact on clinical and Duplex ultrasound (DUS) follow-up.
Materials and methods: Sixty-five patients who had undergone CEA were prospectively exam-
ined with 1e3 month postoperative computed tomographic angiography (CTA), clinical and
DUS follow-up. Defects in common (CCA), external (ECA) and internal carotid artery (ICA) were
scored as clamp marks, intimal step or flap, mural thrombus, kink, microdehiscence suture or
residual stenosis.
Results: Fifty-eight patients (89.2%) had residual defects in CCA, ECA or ICA (143 defects).
Intimal steps (n Z 39) and residual stenosis (n Z 17) were most noted defects. Only residual
defects in ECA were significantly associated with significant higher PSV values both at short-
term and long-term follow-up (1990 vs. 1400 mm s1 at 1 year and 2000 vs. 1230 mm s1 at
2 years, P-values 0.031 and 0.016).
Conclusion: Carotid artery residual defects on CTA after CEA are very common, simple finger-
prints of the operative procedure, have no clear consequence. When CTA is performed clini-
cally after CEA, knowledge of high prevalence and type of defects detected on CTA may be
of importance for radiologists and clinicians.
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Table 1 Demographic characteristics and clinical vari-
ables of patient population.
Patient characteristics & clinical variables Patients (%)a
Number of patients 65
Age (mean  SD) 67  9
Gender, male 47 (72.3)
Presenting symptom (ipsilateral)b
Amaurosis fugax 17 (26.2)
Transient ischaemic attack 36 (55.4)
Ischaemic stroke 25 (38.5)
General vascular risk factors
Treated hypertension 40 (61.5)
Cardiac failure 1 (1.5)
Angina in last six months 4 (6.2)
Previous MI 13 (20.0)
Previous CABG 10 (15.4)
Atrial fibrillation 2 (3.1)
Other cardiac embolic source 4 (6.2)
Diabetes mellitus
Non-insulin dependent 11 (16.9)
Insulin dependent 2 (3.1)
Peripheral arterial disease 16 (24.6)
Current smoker 12 (18.5)
Ex-smoker 44 (67.7)
Treated hyperlipidaemia 45 (69.2)
Clinical variables
Current cholesterol (mmol/L, mean  SD) 8.5  14.4
Systolic blood pressure (mmHg, mean  SD) 170  28
Diastolic blood pressure (mmHg, mean  SD) 88  14
Carotid endarterectomy
Patch 61 (93.9)
Shunt used 6 (9.2)
Difficult procedure 10 (15.4)
Note: SD Z standard deviation; MI Z myocardial infarction;
CABG Z coronary artery bypass graft.
a Percentages are given for number of patients with charac-
teristic in patient population.
b Some patients presented with more than one type of
presenting symptom.
CTA Carotid Residual Defects after Endarterectomy 145From its introduction in 1954 as an operative procedure for
carotid stenosis,1,2 carotid endarterectomy (CEA) has
become the primary surgical therapy for patients presenting
with symptomatic carotid atherosclerosis.3,4 The benefit of
the procedure in preventing stroke, however, is still
hampered by peri-procedural adverse outcome. Procedure-
related stroke is believed to result from several reasons,
including thrombosis of the operated site, or residual defects
in the treated artery.5 In 1967, Blaisdell et al.6 first reported
a striking 26% of patients with residual defects after CEA
compromising the arterial lumen by more than 30%. These
defects were discovered with the use of intra-operative
arteriography, and were an indication for re-operation in
this study. Since then many authors have reported on these
residual defects, and their possible clinical relevance,
especially regarding recurrent stenosis and ischaemic stroke.
Andersen et al.7 in 1978 reported residual defects in only
5.3% of operated patients, and appealed against routine use
of completion imaging after CEA. Several authors subse-
quently pleaded either in favour of8e12 or against13e17 using
intra-operative completion imaging techniques e mostly
(digital subtraction) angiography or (Duplex) ultrasound
(DUS)e for identification of residual defects, with orwithout
clinical follow-up to assess the relevance of found defects.
Some studies only assessed residual defects by postoperative
imaging, including angiography,14,18e21 ultrasonography20
and computed tomographic angiography (CTA),22 likewise
with or without clinical follow-up.
Despite this extensiveamount of literaturedemonstrating
residual defects after CEA, the significance of these defects
regarding clinical outcome and follow-up DUS results (used
for assessing restenosis) is still unclear, nor is it clear if
individual defects associated with a worse clinical outcome
or a higher chance of restenosis can be singled out. Before
any intra- or postoperative imaging technique can be justi-
fiably implemented in routine clinical policy, these issues
should be sorted out. In an attempt to answer these ques-
tions, we used CTA as a minimally invasive, high-resolution
imaging method e often performed in daily clinical practice
in patientswith (previous) ischaemic symptomse to examine
the status of the carotid artery in patients who have under-
gone CEA for symptomatic carotid artery stenosis. The
primary aim of the present study was to define the preva-
lence of residual defects in the carotid artery, and an
attempt was made to assess the impact of these various
defects on both clinical and DUS follow-up results.
Materials and Methods
Study population
This prospective study was approved by the Institutional
Review Board of the University Medical Center Utrecht,
The Netherlands. All patients gave written informed
consent. From September 2003 to October 2008, consec-
utive patients with symptomatic extracranial internal
carotid artery (ICA) stenosis of >50%, as measured by
NASCET (North American Symptomatic Carotid Endarter-
ectomy Trial) criteria,3 who subsequently underwent CEA,
were included in the present study. Patients with no
postoperative CTA within 1e3 months after CEA wereexcluded. Table 1 shows demographic characteristics and
clinical variables.
CEA
All procedures were performed by an experienced vascular
surgeon or vascular fellow under supervision using general
anaesthesia and heparin anticoagulation (5000 IE). During
the procedure, patients were monitored with electroen-
cephalography (EEG) and transcranial Doppler (TCD).
A shunt was used selectively in case of EEG changes during
cross-clamping. Removal of the stenotic atherosclerotic
plaque was accomplished via longitudinal arteriotomy,
after which an open endarterectomy was performed start-
ing at the distal common carotid artery (CCA) and moving
upwards until a few centimetres above the bifurcation
in the ICA. During plaque removal, special care was
taken to obtain a smooth proximal and distal intima-to-
endarterectomy transition; if necessary, intimal tacking
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sclerotic plaque in the CCA and ICA, eversion endarterec-
tomy of the external carotid artery (ECA) was performed.
The method of closing the arteriotomy was left to the
surgeon’s decision, whereby closure involving the use of an
autologous venous patch or a Dacron patch was most
commonly used. Upon completion of reconstruction, blood
flow was restored. No intra-operative imaging was per-
formed. All patients received preoperative anti-platelet
therapy (acetylsalicylic acid and dipyridamole), which was
continued following the procedure. Information regarding
use of patch angioplasty and difficulty of the procedure was
collected as part of clinical variables. A procedure was
defined as a difficult surgical procedure, when classified as
such by the operating vascular surgeon in his surgical
report.
CTA and residual defects
To assure true postoperative status of the carotid artery
with resolution of direct postoperative effects such as
oedema, multidetector CTA was performed 1e3 months
after CEA, with a 16-section scanner (MX8000 IDT),
40-section scanner (Brilliance-40) or 64-section scanner
(Brilliance-64; all from Philips Medical Systems, Cleveland,
OH, USA), after injection of 50 ml of contrast agent
(Ultravist 300; Schering, Berlin, Germany) at 5 ml s1 fol-
lowed by a saline chaser bolus of 50 ml. Main scan param-
eters have been described previously.23 The resulting
images were sent to PACS (Picture Archiving and Commu-
nication System, Advanced Medical Imaging, San Antonio
P.A.) for evaluation of the postoperative area of CCA, ECA
and ICA. Abnormalities seen on CTA after CEA and assess-
able on more than one image slice (so as to exclude minor
defects) were categorised into different defect types based
on the (probable) causative mechanism: positive clamp
mark (outpouching of vessel wall due to broached intima)14
and negative clamp mark (projection of vessel wall into
lumen caused by thickening of vessel wall due to clamp
trauma)14 caused by either shunt clamps or 120 vascular
clamps, intimal step, intimal flap, mural thrombus, (sten-
osing) kink and microdehiscence suture (dehiscence of
suture line causing outpouching of vessel wall)14 and
residual stenosis (any residual plaque seen at the CEA site).
This clear categorisation has previously been used in liter-
ature for evaluation of post-CEA angiographies.4,21 The
CCA, ECA and ICA were evaluated separately for defects,
blinded for clinical and DUS follow-up data. For all defects,
an attempt was made to assess (maximum) stenosis grade
caused by the defect, based on the NASCET criteria.3
Clinical follow-up
Patients were seen by a vascular surgeon 1e3 months, 6
months, 1, 2 and 3 years after CEA. Assessment of clinical
status at baseline and follow-up was performed by an
independent neurologist. As clinical outcome measures,
the following data were collected (blinded for CT and DUS
follow-up data): ipsi- and contralateral ischaemia
since follow-up (ischaemic stroke, transient ischaemic
attack (TIA), retinal infarction, amaurosis fugax (AF)),intracerebral haemorrhage, subarachnoid haemorrhage,
non-fatal myocardial infarction (MI) and death. For
reporting purposes, follow-up was categorised into short-
term, perioperative follow-up (30 days after CEA) and
long-term, total follow-up (all follow-up events taken
together).DUS
DUS was performed at 1e3 months, 1 year and 2 years after
CEA by an experienced dedicated Duplex technician.
Measurements were performed as described previously.24
Examinations included standard grey-scale, B-mode and
colour images of both endarterectomised carotid artery and
contralateral carotid artery, with recording of the peak
systolic velocity (PSV). All assessments were performed
blinded for CT and clinical follow-up data. The PSV was
used to calculate stenosis grade in the artery concerned,
based on previously published definitions.25Data analysis
All analyses were carried out using the Statistical Package
for Social Sciences (SPSS) program, version 15.0 for
Windows. Continuous baseline variables are given as mean
and standard deviation. Baseline characteristics for the
total study population were compared with presence or
absence of defects in the carotid artery (CCA, ECA and ICA).
In addition, use of patch angioplasty and a reported diffi-
cult CEA procedure were correlated with individual carotid
segments and defects. For analysis of associations between
follow-up DUS results and found defects, CTA results for
CCA, ICA and ECA were used separately and dichotomised
into ‘yes’ or ‘no’ defects. For DUS, both PSV values and
calculated stenosis grades were used for analysis. Follow-
up results and baseline characteristics were associated with
presence or absence of residual defects using Pearson’s c2
test or, in case of small sample size, the Fisher’s exact test
or, in case of continuous variables, the independent-
samples t-test. A P-value of <0.05 was considered to be
statistically significant.ResultsStudy population
Sixty-nine CEA patients met the inclusion criteria and
received a postoperative CTA during the inclusion period.
Four patients were excluded from our study because the
postoperative CTA was performed more than 3 months after
CEA, resulting in inclusion of 65 patients with a mean period
between CEA and postoperative CTA of 25 days. Demo-
graphic characteristics and clinical variables of the patients
are summarised in Table 1. Some patients presented with
more than one type of presenting symptom. Patients were
followed for a mean duration of 35 months (standard
deviation 14 months), with a minimum of 1 month and
a maximum of 60 months.
Table 2 CTA defects observed in reconstructed carotid artery after carotid endarterectomy.
Defects seen on CTA Reconstructed carotid artery (%)a
CCA ECA ICA
Total patients with defects 45 (69.2) 23 (35.4) 41 (63.1)
Total defects 63 (44.1) 25 (17.5) 55 (38.4)
Intimal step 34 (52.3) 2 (3.1) 16 (24.6)
Intimal flap 5 (7.7) 13 (20.0) 10 (15.4)
Positive clamp marks 3 (4.6) 0 (0.0) 0 (0.0)
Negative clamp marks 4 (6.2) 0 (0.0) 0 (0.0)
Mural thrombus 3 (4.6) 0 (0.0) 0 (0.0)
(Stenosing) kink 0 (0.0) 1 (1.5) 15 (23.1)
Microdehiscence suture 1 (1.5) 0 (0.0) 1 (1.5)
Residual stenosis 11 (16.9) 7 (10.8) 8 (12.3)
Other 2 (3.0) 2 (3.0) 5 (7.5)
Note: CTAZ computed tomographic angiography; CCAZ common carotid artery; ECAZ external carotid artery; ICAZ internal carotid
artery.
a Percentages are given for number of arteries with particular defect within total number of specific artery.
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In 58 patients of our study group (89.2%), one or more
residual defects in the carotid artery were found on post-
operative CTA; the total amount of defects seen was 143.
Specific observed defects in CCA, ICA and ECA are shown in
Table 2. In the CCA, most patients presented with an
intimal step (Fig. 1) or residual stenosis. Three of the 63Figure 1 Examples of intimal steps on postoperative sagittal CT
common carotid artery (e) Intimal step in both common and interndefects (4.8%) in the CCA (one intimal flap and two negative
clamp marks) caused a stenosis of >30% based on the
NASCET criteria; only the intimal flap caused approximately
55% stenosis. In the ICA intimal steps, kinks and intimal
flaps (Figs. 2e4) were most prevalent. Eight of the 55
defects (14.5%) in the ICA (five intimal flaps, two kinks and
one intimal step) caused a stenosis of >30%, of which three
defects (two flaps and one kink) showed a stenosis of >50%As of six different patients (arrows). (aed) Intimal step in the
al carotid artery (f) Intimal step in internal carotid artery.
Figure 2 Examples of intimal flaps on postoperative CTAs of two different patients in (a) common carotid artery and (b) internal
carotid artery (arrows).
Figure 3 (a) Coronal, (b) transversal, (c) sagittal and (d) blow-up slightly angled coronal CTA of the left carotid artery in a 85-year-
old man who presents with ipsilateral ischaemic stroke and has subsequent CEA. White arrow, negative clamp mark; dashed arrow,
intimal flap common carotid artery; white arrow heads, intimal step common carotid artery; black arrow head, internal carotid artery
kink.
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Figure 4 (a) Sagittal, (b) transversal, (c) blow-up slightly angled sagittal, and (d) coronal CTA of the right carotid artery in a 77-year-
old man who presents with ipsilateral ischaemic stroke and has subsequent CEA. White arrow, intimal step internal carotid artery;
dashed arrow, intimal flap common carotid artery; white arrow heads, intimal step common carotid artery.
Table 3 Short- and long-term carotid ipsilateral ischaemia and concurrent CTA findings.
Ischaemic events CTA findings (% stenosis)
CCA ICA
 30 Days ischaemia
TIA (_, 76 years)a Step (<30) Residual stenosis (<30)
> 30 Days ischaemia
TIA (_, 53 years) e e
TIA (\, 82 years) Step (<30) Residual stenosis &
flap (both <30)
TIA (\, 69 years) Residual stenosis (<30) Kink (<30)
TIA (_, 76 years)a Step (<30) Residual (<30)
Stroke (\, 63 years) e Flap (30e50)
Stroke (_, 77 years) e Not assessable
Stroke (_, 68 years) Step (<30) Flap (30e50)
Note: CTA Z computed tomographic angiography; CCA Z common carotid artery; ICA Z internal carotid artery; TIA Z transient
ischaemic attack.
a This was the same patient who experienced an ipsilateral TIA within 1 month after carotid endarterectomy as well as after 1 year.
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(20.0%) and residual stenosis (10.8%) were seen most often.
Fourteen (n Z 25, 56.0%) in ECA (nine intimal flaps, three
residual defects and one kink) caused a stenosis of >30%;
six of these defects (four intimal flaps, one residual defect,
one step and one kink) caused a stenosis of >50%.
Demographic characteristics and clinical variables did
not differ between patients with and patients without
defects in the carotid artery. This was also the case for
difficulty of the surgical procedure, patch use and shunt
use. All but one ICA kink were located at the toe of the used
patch, which was an autologous patch in 13 of the 15 cases
of a kink. Four patients (nZ 6, 66.7%) in which a shunt was
used had one or more defects in CCA, and four (n Z 5,
80.0%) had one or more defects in ICA, both not statistically
different from the non-shunted group. Further, shunt use
was not significantly associated with specific defects.
Especially, negative or positive clamp marks were not
found.
Short-term (£30 days) clinical outcome and DUS
Three of the 65 patients had cerebral events within 30 days
after CEA. One of these patients had ipsilateral ischaemia
(TIA); the other two had, respectively, ipsilateral intrace-
rebral haemorrhage following hyperperfusion syndrome and
contralateral ischaemia (AF). There were no deaths; the
short-term death/major stroke rate was 1.5%. Short-term
ipsilateral ischaemia and concurrent CTA findings are
detailed in Table 3.
Regarding DUS results, the mean PSV in the CCA of
patients with residual defects was 830 mm s1 (83 cm s1)
at 1-month follow-up compared with 800 mm s1
(80 cm s1) for patients without residual defects; this
difference was not statistically significant (P Z 0.784).
Defects causing >30% or >50% stenosis on CTA did not show
statistically significantly different PSV values than defects
causing less stenosis. There was also no association
between the presence of (individual) defects in the CCA
and a stenosis grade of 70% (indication for surgery) or
50e99% (threshold for definition of recurrent stenosis) on
short-term follow-up DUS. The above was also the case for
defects in ICA (mean PSV value with defects 1030 mm s1
(103 cm s1) vs. 970 mm s1 (97 cm s1) without defects
(P Z 0.751)) and defects in ECA (mean PSV with defects
1840 mm s1 (184 cm s1) vs. 1040 mm s1 (104 cm s1)
without defects). In the ECA, there was a significant asso-
ciation between residual defects and a stenosis grade of
70% on 1-month DUS examinations (P Z 0.041).
Long-term (>30 days) DUS and clinical outcome
Sixteen of the 65 patients (24.6%) had a cardiovascular
event during long-term follow-up. Of these, seven of the 65
(10.8%) had ipsilateral cerebral ischaemia. Other (ischae-
mic) cardiovascular events were contralateral TIA or AF
(nZ 6, 9.2%), intracerebral haemorrhage (nZ 2, 3.1%) and
non-fatal MI (n Z Z2, 3.1%). Of the seven patients who
died during follow-up, one patient died from cereb-
rovascular disease (haemorrhagic stroke). Other causes
of death were pre-existent cancer, chronic colitis, MI andpulmocardiovascular arrest. Mean long-term stroke-free
survival was 89.2% (58/65 patients). Long-term ipsilateral
ischaemia and concurrent CTA findings can be found in
Table 3.
As in 1-month follow-up, no significant difference in PSV
values was seen at 1-year and 2-year follow-up between
CCAs or ICAs with and without (individual) residual defects,
regardless of stenosis grade caused by the defect; also,
there was no association between (individual) defects and
a stenosis grade of 70% or 50e99% on DUS. Defects in ECA
showed significantly higher PSV values at both 1- and 2-year
follow-up (1990 mm s1 (199 cm s1) vs. 1400 mm s1
(140 cm s1) at 1 year and 2000 mm s1 (200 cm s1) vs.
1230 mm s1 (123 cm s1) at 2 years’ follow-up, P-values
respectively 0.031 and 0.016), irrespective of specific
defect.Discussion
In the present study, we assessed the prevalence of residual
defects after CEA in CCA, ECA and ICA, and its impact on
both clinical outcome and DUS follow-up results. The most
important findings of the present study are twofold. First,
in almost all patients (89%) who have had CEA for carotid
artery stenosis, one or more residual defects could be
found on CTA. Second, most of these residual defects are
not found to be associated with recurrent stenosis as
assessed by DUS.
CEA is an established operative technique and the
current method of choice to reduce stroke risk in patients
with an ICA stenosis.3,4 Minimal abnormalities or defects
can be considered the rule after a carotid operation
because the artery will not be repaired as a native artery.
For instance, all vascular surgeons face the same problem
of having to start endarterectomy at a certain point in the
CCA where, in most cases, there is still some intimal
thickening (beginning of atherosclerotic plaque) just prox-
imal to this point. Some form of residual defect e espe-
cially CCA intimal step e is therefore practically
unavoidable. Our high percentage of 89% of patients with
defects on CTA after CEA shows that indeed a normal CEA
operation will leave ‘fingerprints’ that can be seen on
postoperative imaging in the carotid artery. The CTA find-
ings also show that found defects did not result in a mild or
severe stenosis based on NASCET criteria in the vast
majority of patients. Only four defects in CCA and ICA
caused >50% stenosis, and could be seen as less ‘benign’
than other defects. Therefore, ‘benign’ defects were found
to be the rule after CEA in this study.
Regarding clinical follow-up, our sample size and event
rate were too small to assess any relation between clinical
events and residual defects with sufficient statistical
power. Nonetheless, given the high prevalence of defects
detected on CTA, the influence on overall outcome and,
therefore, the clinical relevance of the defects will be low
taken into account the known low risk of ischaemic events
after CEA.3,4
Interestingly, of all residual defects, only defects in the
ECA showed a statistically significant association with
abnormal DUS results, which can be explained by the
operating technique for the ECA (eversion endarterectomy)
CTA Carotid Residual Defects after Endarterectomy 151in which the surgeon has no open view of the ECA.20,21 CTA
and duplex measurements were not performed at the same
moment in time and are therefore only added to the study
as a follow-up measure to detect recurrent stenosis. It is
known from literature that early restenosis after CEA is
uncommon,26 which is in agreement with both CTA and DUS
findings. Restenosis of >70% on CTA was not found and only
in a few patients was there a mild stenosis. Furthermore,
the small focal defects that we describe on the CTA images
do not give rise to any luminal narrowing and, therefore,
will not result in flow velocity changes on the DUS
measurements, if these focal defects are still present at
1e2-year DUS follow-up.
Our study has some limitations. As mentioned before,
because of our small sample size and the low event rate
after surgery e and therefore less statistical power, our
question regarding the impact of the various residual
defects on clinical follow-up results could not be answered.
Second, residual stenosis e defined as any residual plaque
seen at the CEA site e is sometimes hard to differentiate
from the distal seam of the sutured patch. Comments can
also be made as to how our amount of found defects
can be so high compared with what is generally seen
in literature, with percentages ranging from 5.3% to
45%.6e8,10,11,15,16,18,20,22,27 This may be explained by often
differing definitions of defects used in studies and the
quality of the imaging modality. Only Holder et al.13 showed
a higher percentage of 91%, but they also included minor
irregularities of the vessel wall not taken into account by
our and other studies. To avoid a negative effect of our high
percentage of defects on our results, we therefore made an
arbitrary distinction between defects causing >30% and
>50% stenosis to see if ‘major’ defects (causing higher
stenosis grade) were associated with more restenosis,
which was not the case. Finally, validation of the CTA
findings with a gold standard would be of importance.
However, with no clear gold standard available, we expect
that follow-up CTA examinations after 1 year can show if
found defects are persistent over time. Still, we feel the
description of the high prevalence and type of defects
detected on CTA may be of importance for radiologists and
clinicians when a CTA is performed for clinical reasons, for
instance ischaemic symptoms, in the early postoperative
period.
After CEA, it is very common to find residual defects in
CCA, ECA and ICAwhen imaging the operation site using CTA.
In our view, simple defects in the carotid arteries detected
on CTA as simple fingerprints of the operative procedure
have no consequences. When defects are associated with
recurrent carotid artery stenosis, a re-intervention may be
considered. Regarding follow-up results, a larger cohort is
needed considering the low prevalence of postoperative
events associated with CEA. As a routine investigation, CTA
with ionising radiation should not be used; however, for
clinical CTA in the early postoperative period, knowledge of
the high prevalence and type of defects detected on CTA
may be of importance for radiologists and clinicians.Conflict of Interest/Funding
None.References
1 Eastcott HH, Pickering GW, Rob CG. Reconstruction of internal
carotid artery in a patient with intermittent attacks of hemi-
plegia. Lancet 1954;267:994e6.
2 Connolly JE. The epic 1954 operation that led to one of sur-
gery’s major advances: carotid endarterectomy. Grand Rounds
2004;1(4):L15e7.
3 Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG,
Haynes RB, et al. Benefit of carotid endarterectomy in patients
with symptomatic moderate or severe stenosis. North American
Symptomatic Carotid Endarterectomy Trial Collaborators. N Engl
J Med 1998;339:1415e25.
4 European Carotid Surgery Trialists’ Collaborative Group. Rand-
omised trial of endarterectomy for recently symptomatic
carotid stenosis: final results of the MRC European Carotid
Surgery Trial (ECST). Lancet 1998;9(351):1379e87.
5 Liapis CD, Paraskevas KI. Role of residual defects following
carotid endarterectomy in the occurrence of cerebrovascular
symptoms. Vasc Endovascular Surg 2006;40:119e23.
6 Blaisdell FW, Lim Jr R, Hall AD. Technical result of carotid
endarterectomy. arteriographic assessment. Am J Surg 1967;
114:239e46.
7 Andersen CA, Collins Jr GJ, Rich NM. Routine operative arteri-
ography during carotid endarterectomy: a reassessment.
Surgery 1978;83:67e71.
8 Flanigan DP, Douglas DJ, Machi J, Siegel B, Schuler JJ,
Buchbinder D. Intraoperative ultrasonic imaging of the carotid
artery during carotid endarterectomy. Surgery 1986;100:
893e9.
9 Donaldson MC, Ivarsson BL, Mannick JA, Whittemore AD. Impact
of completion angiography on operative conduct and results of
carotid endarterectomy. Ann Surg 1993;217:682e7.
10 Baker WH, Koustas G, Burke K, Littooy FN, Greisler HP. Intra-
operative duplex scanning and late carotid artery stenosis. J Vasc
Surg 1994;19:829e32.
11 Lohr JM, Albers B, Roat TW, Byrne MP, Roedersheimer LR,
Piercefield GG. Effects of completion angiography on the
outcome of carotid endarterectomy. Cardiovasc Surg 1995;3:
299e305.
12 Dykes JR, Bergamini TM, Lipski DA, Fulton RL, Garrison RN.
Intraoperative duplex scanning reduces both residual stenosis
and postoperative morbidity of carotid endarterectomy. Am
Surg 1997;63:50e4.
13 Holder J, Binet EF, Flanigan S, Ferris EJ. Arteriography after
carotid endarterectomy. AJR Am J Roentgenol 1981;137:
483e7.
14 Carpena JP, Bories J, Chiras J. Post-operative angiographic
control. B. Main angiographic appearances after vertebral and
internal carotid artery surgery. Neuroradiology 1985;27:
557e66.
15 Ricotta JJ, O’Brien-Irr MS. Completion angiography, is it really
necessary? Am J Surg 1997;174:181e4.
16 Zannetti S, Cao P, De Rango P, Giordano G, Parlani G, Lenti M,
et al. Intraoperative assessment of technical perfection in
carotid endarterectomy: a prospective analysis of 1305
completion procedures. Collaborators of the EVEREST study
group. Eversion versus standard carotid endartectomy. Eur J
Vasc Endovasc Surg 1999;18:52e8.
17 Woelfle KD, Bruijnen H, Neu J, Campbell P, Wack C,
Loeprecht H. The role of intraoperative digital subtraction
angiography for quality control of standard carotid endarter-
ectomy using patch angioplasty. Cardiovasc Surg 2002;10:
116e22.
18 Bauer RB, Boulos R, Meyer JS. Natural history and surgical
treatment of occlusive cerebrovascular disease evaluated by
serial arteriography. AJR Am J Roentgenol 1968;104:1e17.
152 A.G. van der Kolk et al.19 Schutz H, Fleming JF, Awerbuck B. Arteriographic assessment of
carotid endarterectomy. Ann Surg 1970;171:509e21.
20 Russell D, Bakke SJ, Wiberg J, Nakstad P, Nyberg-Hansen R.
Patency and flow velocity profiles in the internal carotid artery
assessed by digital subtraction angiography and Doppler studies
three months following endarterectomy. J Neurol Neurosurg
Psychiatry 1986;49:183e6.
21 Pappada G, Guazzoni A, Panzarasa G, Sani R, Allegra G,
Geuna E. Early postoperative angiographic findings after carotid
endarterectomy. Acta Neurochir (Wien) 1988;95:114e20.
22 Marro B, Zouaoui A, Koskas F, Sahel M, Belkacem S, Bonan I,
et al. Computerized tomographic angiography scan following
carotid endarterectomy. Ann Vasc Surg 1998;12:451e6.
23 Jongen LM, Hendrikse J, Waaijer A, van der Worp HB,
Leijdekkers VJ, LoRT, et al. Frequencyandconsequences of earlyin-stent lesions after carotid artery stent placement. J Vasc
Interv Radiol 2009;20:573e9.
24 Nederkoorn PJ, Mali WP, Eikelboom BC, Elgersma OE, Buskens E,
HuninkMG,etal. Preoperative diagnosis of carotid artery stenosis:
accuracy of noninvasive testing. Stroke 2002;33:2003e8.
25 Heijenbrok-Kal MH, Buskens E, Nederkoorn PJ, van der Graaf Y,
Hunink MG. Optimal peak systolic velocity threshold at duplex
us for determining the need for carotid endarterectomy:
a decision analytic approach. Radiology 2006;238:480e8.
26 Groschel K, Riecker A, Schulz JB, Ernemann U, Kastrup A.
Systematic review of early recurrent stenosis after carotid
angioplasty and stenting. Stroke 2005;36:367e73.
27 Westerband A, Mills JL, Berman SS, Hunter GC. The influence of
routine completion arteriography on outcome following carotid
endarterectomy. Ann Vasc Surg 1997;11:14e9.
